





















Department of Physics, Columbia University, 538 West 120th St., New York, New York 10027
In an intriguing recent paper, Crittenden and Turok proposed cross-correlating the cos-
mic microwave background (CMB) with tracers of the matter density to probe the existence
of a cosmological constant  [1]. In a at matter-dominated Universe, CMB anisotropies
are produced at (or near) the surface of last scatter the (Sachs-Wolfe (SW) eect). If  6= 0,
additional anisotropies are produced as photons pass through potential wells along the line
of sight (the integrated Sachs-Wolfe (ISW) or Rees-Sciama eect). Here I re-emphasize that
a similar eect exists in an open Universe and point out that, depending on the redshift
distribution of the tracer population, this cross-correlation can be much stronger in an open




The ISW signal must be picked out from a noisy background due to the SW eect. The













are the ISW-contribution and total `th multipole

































(normalized to F (0) = 1) is the growth factor for
gravitational-potential perturbations as a function of conformal time . Here, a and H are
the scale factor and Hubble parameter of the Universe.
Figure 1(a) illustrates that g(

0
) is much larger in an open Universe than in a at 
Universe with the same matter density. A more accurate treatment of the ISW eect in




= 0:3, the quadrupole is due almost entirely to the ISW eect [2], whereas in a at 
Universe, it contributes only a fraction of the SW term [3].
In practice, the signal will be due to the ISW contribution from redshifts probed by the
tracer population, and the noise will be due to the SW eect and the ISW contribution from




) as a function of redshift z shown in Fig. 1(b). This suggests that cross correlation




FIG. 1. (a) The function g(

0
) in an open Universe (solid curve) and in a at  Universe
(dashed curve). (b) The function dg=dz for 

0
= 0:3 in an open Universe (solid curve) and in a








(such as radio surveys) should be of similar magnitude for both open and at  models.
Finally, the at and open models should be distinguishable if two (or more) tracer pop-
ulations with diering redshift distributions can be used. This might also be accomplished
by varying the ux cuto of a single tracer population.
I thank R. Crittenden for useful discussions. This work was supported in part by the
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